Background: A nation-wide surveillance study was conducted in Greece in order to provide a representative depiction of pneumococcal carriage in the pre-vaccination era and to evaluate potential risk factors for carriage of resistant strains in healthy preschool children attending daycare centers.
Conclusion:
Recent antibiotic use is a significant risk factor for the colonization of otherwise healthy children's nasopharynx by resistant strains of S pneumoniae. The heptavalent pneumococcal conjugate vaccine could provide coverage for a significant proportion of resistant strains in the Greek community. A combined strategy of vaccination and prudent antibiotic use could provide a means for combating pneumococcal resistance.
Background
Streptococcus pneumoniae is the most commonly isolated pathogen in community-acquired respiratory tract infections, being the causative agent of a variety of infections, such as acute otitis media, sinusitis and pneumonia [1] . The development of antibiotic resistance in S pneumoniae over the last two decades has raised a global concern [2] , an evolution generally attributed to an extensive consumption of antibiotics [3] .
The nasopharynx of preschool children is the ecological niche of S pneumoniae [4] . Nasopharyngeal colonization is a prerequisite for progression to pneumococcal disease and an important source of horizontal spread in the community, especially in settings with high crowding index [1] . Antibiotic-resistant pneumococci involve mostly only a few serogroups in the majority of developed countries (6, 9, 14, 19 and 23) . The routine immunization with the heptavalent pneumococcal conjugate vaccine has been shown to decrease the incidence of vaccine-type antibiotic-resistant pneumococci both in invasive diseases; nasopharyngeal colonization was also dramatically decreased in vaccinated individuals and their contacts [5] .
In Greece, surveillance studies addressing the issue of resistance and serotype distribution in nasopharyngeal isolates of Streptococcus pneumoniae have been conducted in recent years [6, 7] . Although these studies covered specific regions of the Greek territory, a rise in the frequency of antibiotic-resistant pneumococci has been documented. Recently, another study [8] assessed at regional level the impact of the heptavalent pneumococcal vaccination on the nasopharyngeal carriage of penicillin-resistant pneumococci among day-care attendees.
The heptavalent pneumococcal conjugate vaccine became available in October 2004 and formed part of the national immunization schedule in January 2006. Between February and May 2004 (pre-vaccination era), the present largescale study was conducted in Greece, through a multicenter initiative task force, in order to provide for the first time a nation-wide representative depiction of carriage of pneumococcal strains isolated from the nasopharynx of healthy preschool children, attending daycare centers and kindergartens. Data on resistance rates and serotype distribution at nation-wide level from this study were published in correlation with data for clinical strains from children and adults for the same period of time [9] . The purpose of the present article is to identify and evaluate risk factors for carriage of resistant pneumococcal strains in this specific population in the pre-vaccination era.
Methods
Study group and study population A study group of 12 hospitals was organized under the coordination of the 4 th Department of Internal Medicine and the Infectious Diseases Laboratory of Athens University Medical School (see Acknowledgements section). The research protocol was approved by the Ministries of Health and Education and the Ethics Committees of all cooperating hospitals. A network was formed consisting of local teams with the responsibility to inform parents and collect appropriately filled questionnaires, collect and culture nasopharyngeal samples from the children, isolate presumed pneumococcal strains, store and ship isolated strains to the central laboratory (Laboratory for Infectious Diseases and Antimicrobial Chemotherapy, 4 th Dept of Internal Medicine, Athens University School of Medicine, University General Hospital ATTIKON). The single central laboratory undertook the microbiological procedures and the input of data from the questionnaires in a purposestructured database.
Questionnaires were distributed to the parents by the local teams of doctors visiting the day-care centres 1-2 days before the sampling visit. On the sampling day, questionnaires were reviewed by the doctors' team. In the section of recent antibiotic use, parents were asked to provide generic or commercial names of all medications received in the last month or trimester and the appropriate classification was performed by the responsible doctors in the sampling site. Questionnaires were signed by the parents, were anonymous but labeled to match the respective sample per child, and consisted of three parts: a) demographic data, i.e. age, gender, name of daycare center, area and prefecture; b) data on antibiotic consumption in the last month and in the last trimester preceding the sampling, including: number of antibiotic courses, name of antimicrobial and reason for its prescription, mode of supply (over-the-counter or by prescription), c) family and household data, i.e. parents working in health care, number of siblings <8 years of age, and d) co morbidities and past medical history data: admission to hospital in the last year, history of « respiratory tract infections », oti-tis media history in the previous year and steroid use. Children without signed questionnaires by the parents were excluded from sampling, as well as those receiving antibiotics for active infection. Samples without appropriately filled questionnaires were microbiologically processed but were excluded from risk factor analysis. Streptococcus pneumoniae isolates were identified by standard microbiological procedures. Susceptibility testing was performed with the E-test methodology (AB Biodisk, Solna, Sweden) for penicillin(PG), cefuroxime (CXM), ceftriaxone(CTX), erythromycin(ERY), trimethoprim/sulfamethoxazole (COT), tetracycline (TET), moxifloxacin, levofloxacin and ciprofloxacin (CIP). Strains displaying resistance were serotyped by the Quellung reaction using the 12 pooled antisera Pneumotest panel and selected factor sera (Statens Serum Institut, Copenhagen, Denmark). Methodology of sampling, isolation, identification and serotyping of pneumococcal strains, as well as susceptibility testing is mentioned elsewhere in detail [9] .
Sampling

Definitions of terms
Clinical and Laboratory Standards Institute methodology and breakpoints for non-susceptibility and resistance were used for all antibiotics [10] , except for ciprofloxacin. For ciprofloxacin, the epidemiological cut-off of 2 mg/L was used as an indicator of resistance, according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) 2006 recommendations [11] . Strains with an MIC value higher than the susceptibility breakpoint were characterized as "non-susceptible", i.e. intermediate and fully resistant strains. Combined resistance was defined as resistance to two different classes of antibiotics (e.g. penicillin and erythromycin) irrespective of other classes. Multiple resistance (or multi-resistance) was defined as resistance to 3 or more antibiotics of different classes [2] .
Statistical analysis
Potential risk factors for carriage of pneumococci and in particular of resistant pneumococcal strains were identified by univariate analysis. Antibiotic use was further analyzed using multivariate logistic regression analysis, controlling for variables that were significant in the univariate analysis and those that could correlate with an increased risk of carriage of resistant/non-susceptible strains from a clinical point of view. The following parameters were entered for analysis in the multivariate logistic regression models: age, gender, location of day care center or kindergarten, number of young siblings in the household with age <8 years, hospitalization, recent use of antibiotic by subject, steroid use, history of otitis media and history of respiratory tract infections. A P value of = 0.05 was considered to be statistically significant.
Results
Study population and demographics
Between February and May 2004, consecutive nasopharyngeal swabs and questionnaires were collected from 2595 healthy children (median age ± S.D. 4.3 ± 1.1 years, male: female ratio 1:1), of which, after careful evaluation of the accompanying questionnaires, 2536 were included in the study analysis (2536/2595, i.e. 97.7% of original population). In Table 1 , distribution of nasopharyngeal sampling specimens and isolated strains per geographic region is shown. Carriage rates differed significantly among differed regions. In Figure 1 , a map of Greece is provided indicating the geographical location of the sampling sites, with the respective sampling population, carriage rates and penicillin resistance rates.
Nasopharyngeal carriage of S pneumoniae strains
A total of 793 pneumococcal strains was isolated in the study from the original 2595 nasopharyngeal specimens (mean carriage rate within study period 793/2595 = 30.55%). Of those, 780 isolates survived shipment and storage and were microbiologically processed, and finally 746 strains were included in the present protocol analysis of the 2536 properly filled questionnaires (mean carriage in per protocol analysis 746/2536 = 29.41%). Carriage of pneumococcal strains was related to age, period and region of sampling, use of antibiotics in the last trimester (last month not included) and history of respiratory infections in the last year. Antibiotic use during the last month did not affect carriage rates of pneumococci. In Table 2 , analysis of potential risk factors for nasopharyngeal carriage of pneumococci, as defined by the protocol questionnaire, is listed.
Susceptibility testing
In Table 3 , results for resistance rates and MIC distribution parameters for all antibiotics tested are shown per region of sampling. Resistance rates differed significantly among different geographic regions. Multiresistant strains formed 23.86% of the carriage isolates (178/746), while combined resistance to penicillin and erythromycin was documented for 75/746 of the total sample (10.05%). No resistance to moxifloxacin and levofloxacin was documented.
Risk factors for carriage of resistant pneumococci
Recent antibiotic use in the last month-irrespective of antibiotic class, duration of administration and number of courses of antibiotics-was strongly associated with the isolation of resistant pneumococci to a single or multiple antibiotics. Moreover, increasing number of antibiotic courses in the last month increased the likelihood of isolating a resistant pneumococcal strain Odds Ratio (OR) per antibiotic course for penicillin resistance = 1.35, 95%
Confidence Interval (CI) <0.99-1.83> P = 0.05, and OR for erythromycin resistance = 1.43, CI <1.11-1.83> P = 0.004). Combined resistance to penicillin and erythromycin and multiresistance (3 or more classes of antibiotics) were also strongly related to antibiotic use in the month preceding sampling (OR for combined resistance = 2.09, CI <1.24-3.52> P = 0.002, and OR for multiresistance = 2.02, CI <1.38-2.96> P < 0.001). In terms of non-susceptibility (i.e. intermediate and fully resistant strains
Map of Greece with the geographic location of different regions participating in the 2004
Streptococcus pneumoniae nasopharyngeal study For every region, the number of children sampled, the respective carriage rates and penicillin resistance rates (PGR%) are provided in the boxes together), antibiotic use both in the last month and in the preceding 3 months (last month excluded) held a statistically significant correlation with carriage of a penicillin and/or erythromycin non susceptible strain. For children that had received an antibiotic course in the last trimester, the possibility of carrying a resistant (or a non-susceptible) strain in their nasopharynx was even greater, if they had additionally received an antibiotic course in the last month (P < 0.001, OR 4.18 for resistance, 95%CI 2.06-8.54). In Table 4 , risk factors for carriage of a resistant or non-susceptible strain are listed in full detail. Carriage of ciprofloxacin resistant strains was independent of antibiotic use.
Use of antibiotics and resistance
A significant number of children from the total study population had at least one antibiotic course in the month preceding sampling (31.03%) or in the previous trimester (42.43%). Administration of antibiotics did not differ among geographic regions. The majority of antibiotic courses in the carriers' group were prescribed by a doctor either in the preceding month (92.5%) or trimester (87.8%). The rest of the consumed antibiotics were pur- chased over the counter by parents' initiative (5.55% and 9.8%) or by pharmacists' advice (1.85% and 2.3% of cases for the last month and trimester respectively).
The most common infections for prescribing an antibiotic were similar in rates in both groups (carriers and non-carriers). Rates for most common causes were as follows: acute otitis media 33.56 -31%, tonsillitis 13.34 -11%, lower respiratory tract infections 4.26 -4%, and virusrelated respiratory tract infections 28.2 -28% (mostly rhinopharyngitis, tracheobronchitis and laryngitis), respectively for each group. Most commonly prescribed antibiotics were amoxicillin-clavulanate (35%) and oral 2 nd generation cephalosporins (31%), namely cefaclor, cefprozil and cefuroxime axetil.
Serotype distribution
Among the 380 pneumococcal strains displaying resistance to at least 1 antibiotic class, serotyping was available for 317 strains (83.5% of resistant strains). The distribution of serotypes per geographic region and the respective coverage of the heptavalent pneumococcal conjugate vaccine is presented in Table 5 . Serotypes 19F, 14, 9V, 23F and 6B formed 70.6% of the total number of resistant strains serotyped.
Discussion
The present study is the first surveillance study conducted in Greece at nation-wide level in the pre-vaccination era, with representative samples per geographical region, according to the age-specific population distribution in the most recent records of the National Registry in March 2001 [12] .
Carriage rates in the present study varied significantly with age, period of sampling and the geographic area visited. This significant trend differentiation stresses the importance of sequential sampling in a specific area and multifocal sampling at a specific time-point, as useful tools in the epidemiological studies of resistance. It must be noted that regional differences in carriage rates did not affect resistance/nonsusceptibility rates. Resistance rates differed among different regions. This difference per region renders the results of a multicenter study even more valuable, as it may predict similar trends in the clinical isolates [13] . In the present study serotyping was performed only in the resistant strain population. Thus, the association of specific serotypes with specific resistance patterns cannot be accurately performed and regional variability in resistance rates for penicillin and erythromycin in relation to serotype distribution requires caution. One of the risk factors amenable to intervention for carrying a resistant or a non-susceptible pneumococcal strain in the nasopharynx for a healthy preschool child was the use of antibiotics in the month preceding sampling. Additionally, antibiotic use was related to the isolation of combined penicillin-erythromycin resistant, as well as multiresistant pneumococcal strains Numerous studies [14] [15] [16] have pointed out antibiotic consumption as a very strong pressure factor for the development of resistance, irrespective of ecological setting (individuals-community). Chung et al [17] have recently shown that prescription of amoxicillin doubled the risk of recovery of β lactamase producing Haemophilus influenzae strains.
Although this effect was transitory at an individual level (2 weeks), it was sufficient to sustain a high level of antibiotic resistance in the study population.
Acute otitis media was the most frequent infection for which a child received antibiotics in our study. Nonetheless, a similar proportion of children (approx. 30%) consumed antibiotics for infections which seemed to be of viral cause by all descriptions in the questionnaire used. It must be stressed that acute otitis media does not always require prompt administration of antibiotics, as it may be of viral origin in certain cases. In Finland Palmu et al recorded negative cultures of middle ear fluid in approximately 35% of children with acute otitis media in 2004 [18] . Moreover, a wait-and-see approach to acute otitis media treatment in the paediatric population seems to reduce antibiotic consumption and subsequent resistance without jeopardizing children's safety and well-being [19] . Approximately 90% of the prescriptions originated from practicing physicians in the community, while in the remaining 10% of cases, parents had access to antibiotics without doctor's prescription, although this is not abiding by antibiotics policy law [20] . As demonstrated by Guillemot et al [21] , intensive educational strategies, targeting to optimize antibiotic use both in terms of indications and of dose/duration of administration, significantly reduced the colonization with penicillin non-susceptible pneumococci in areas with high prevalence of resistance.
The heptavalent pneumococcal vaccination (PCV7) covered 71.32% of resistant strains in total in the present study. The most prevalent serotypes in our population carried the heavier burden of antibiotic resistance. Implementation of the heptavalent vaccine has been shown to be highly efficacious in decreasing the incidence of vaccine-type antibiotic-resistant strains in disease and colonization [5] . A study by Grivea et al [8] , at a regional level in Thessaly, Central Greece between 2005-2007, showed that increasing rates of PCV7 population coverage was associated with a reduction in colonization by PCV7-related serotypes in vaccinated (from 33% to 8.6%, P < 0.001) and unvaccinated children (from 36% to 17%, P = 0.05). Moreover, a decrease in the rate of highly penicillin resistant pneumococcal isolates was recorded only in vaccinated children (from 11% to 0.6%, P = 0.001), whereas rates for penicillin intermediate strains were not affected.
In a community setting of high antibiotic consumption, Frazao et al [22] showed that PCV7 vaccination was successful in the reduction of vaccine related strains, but it did not change the frequency of nasopharyngeal carriage of drug resistant pneumococci, implying the crucial role of antibiotic consumption on the serotype replacement phenomenon by drug-resistant non-vaccine related pneumococcal strains.
To reduce antibiotic resistance in the community, reducing unnecessary antibiotic prescriptions combined with the implementation of the heptavalent conjugate pneumococcal vaccine are probably two of the most efficient strategies. In a large scale prospective study in France from 2001 to 2005 in children presenting with acute otitis media, Cohen et al [23] showed that unvaccinated children who had received antibiotics within the last three months had a 4-fold greater risk of carrying a penicillin resistant strain than vaccinated children who had not received antibiotics. Moreover, vaccination reduced the antibiotic consumption from 51.6% to 38.5%, as well as the risk for a child to carry a penicillin resistant pneumococcal strain from 15% to 3%.
Conclusion
Colonization with a pneumococcal strain is a usual event in the everyday life of preschool children. Epidemiological data derived from the present surveillance study stress the importance of recent antibiotic use in the colonization of otherwise healthy children's nasopharynx by resistant strains of S pneumoniae. The heptavalent pneumococcal conjugate vaccine, as shown from the serotype distribution in the pre-vaccination era, could provide coverage against the majority of resistant strains. In settings with a high antibiotic consumption profile in the community, like the one described in the present study, prudent use of antibiotics at an individual level coupled with vaccination could prove helpful in decreasing pneumococcal resistance rates in the community, thus facilitating treatment of pneumococcal infection.
